. In addition, Stra8 is not conserved outside 77 were reduced and enrichment to the oocyte was ablated in Set2 RNAi germaria compared 198 to controls (Figure 1-Supplement 1J-L) . Thus, Set2 is required after Bam expression to 199 promote proper differentiation via Rbfox1 expression. 200 201
As germline depletion of Set2 results in reduced levels of Rbfox1 and Bru, we 202
hypothesized that Set2 depleted cysts do not properly enter meiosis nor specify an 203 oocyte. To determine if Set2 is required for meiotic progression, we stained control and 204
Set2 depleted germaria with antibodies against a SC member, Crossover suppressor fragmented (Figure 1J-K1') . To determine if the oocyte is properly specified, we stained 211
for the oocyte determinant Egalitarian (Egl), as well as Vasa and 1B1 (Carpenter, 1994; 212 Huynh and St Johnston, 2000; Mach and Lehmann, 1997) . While control 16-cell cysts 213 had a single Egl positive cell, Set2 germline depleted germaria showed diffuse staining 214
of Egl without enrichment in a single cell (Figure 1-Supplement 1M-N') . Thus, Set2 is 215 required for proper meiotic progression and oocyte specification. 216 217
MSL3 acts downstream of Set2 to promote entry into meiosis independent of the 218

MSL complex 219
To identify readers of H3K36me3 that activate transcription downstream of Set2, we 220 screened known Chromodomain (CD) containing proteins, which recognize lysine 221 methylation marks, for loss of function phenotypes that phenocopied Set2 (Allis and Navarro-Costa et al.; Yap and Zhou, 2011) . Unexpectedly, we identified the H3K36me3 224 reader MSL3. MSL3 is required in the MSL complex in male flies (Lucchesi and Kuroda, 225 2015; Samata and Akhtar, 2018), but its role in the female Drosophila germline was 226 unknown. 227 228
To investigate MSL3 expression in ovaries, we analyzed msl3 transcript levels at different 229 stages of oogenesis, using RNA-seq libraries that we enriched for GSCs, CBs, cysts, and 230 whole adult ovaries as previously described (McKearin and Ohlstein, 1995; Xie and 231 Spradling, 1998; Zhang et al., 2014) . We found that msl3 mRNA is expressed during 232 oogenesis (Figure 2-Supplement 1A) . We also examined a fly line expressing GFP 233
tagged MSL3 under endogenous control (Strukov et al., 2011) . We stained ovaries from 234
MSL3-GFP flies for GFP and 1B1, and found that MSL3-GFP in the germline was 235 expressed in single cells marked by spectrosomes and early cysts marked by fusomes 236 (Figure 2A, A'; Figure 2-Supplement 1B) . Thus, MSL3 is expressed in germ cells prior 237
to and during meiotic commitment. 238 239
To verify that MSL3 is required during oogenesis, we examined validated msl3 mutants 240
(Bachiller and Sánchez, 1989; Sural et al., 2008; Uchida et al., 1981) . Indeed, loss of 241 msl3 lead to cyst accumulation, germline loss, and failure to make egg proper chambers 242 (Figure 2B-D Expression of msl3 in the germline of msl3 mutant females was sufficient to rescue the 250 differentiation defect (Figure 2D ; L-M). Thus, the H3K36me3 writer, Set2, and the 251
H3K36me3 reader, MSL3, are required in the germline to commit to meiosis.
253
To determine if MSL3 and Set2 act together to promote oogenesis, we generated flies 254 heterozygous for Set2 and msl3. The germaria of these trans-heterozygous flies 255 displayed severe germline loss compared to single heterozygous controls ( complex members, we chose to focus on Negative Cofactor 2β (NC2β), as its defect was 285 highly penetrant but maintained sufficient germline for transcriptomic analysis (see 286 below).
288
Loss of NC2β in the germline led to GSC loss and accumulation of cysts-like structures 289 that were marked by fusomes ( Figure 3A . These data suggest that the 294 ATAC complex, like Set2 and MSL3, is required for commitment to a meiotic program as 295 well as oocyte specification. 296 297
As components of ATAC complex phenocopy loss of Set2 and msl3, we asked whether 298 the ATAC complex may acts together with MSL3 to promote meiotic entry. To test this, 299
we stained for H3K36me3 in NC2β RNAi flies and found that H3K36me3 levels were 300 unaltered (Figure 3-Supplement 2J-L). In addition, we made use of a mutant of the 301 active HAT in the ATAC complex, Atac2, as there were no available NC2β mutants 302 available. We generated flies heterozygous for both Atac2 and msl3, and found that their 303 germaria had severe oogenesis defects compared to the single heterozygous controls 304 (Figure 3- False discovery rate (FDR)=0.05) ( Figure 4A ). There were 283 significantly 319 downregulated RNAs and 302 significantly upregulated RNAs in msl3 RNAi compared to 320 bam RNAi;hs-bam (Figure 4A') . Lastly, there were 466 RNAs significantly downregulated 321
and 277 upregulated, in NC2β RNAi compared to the developmental control ( Figure  322 4A''). Of those transcripts that were differentially expressed in Set2, msl3, and NC2β 323 depleted germ cells compared to bam RNAi;hs-bam control there were 29 shared RNAs 324 that were downregulated ( Figure 4B ) and 11 shared RNAs that were upregulated. As 325 these transcriptional regulators are known to promote transcription, we focused on the 326 downregulated RNAs. 327 328
Interestingly, although Rbfox1 protein is not properly expressed upon loss of Set2, MSL3, 329
and NC2β, Rbfox1 mRNA was not among the shared downregulated RNAs (Figure 4C) . 330 We verified that Rbfox1 mRNA was present in germline of msl3 depleted ovaries by in 331 situ hybridization (Figure 4-Supplement 1A-B') . Thus, Set2, MSL3, and ATAC do not 332
regulate transcription of Rbfox1 mRNA to promote meiotic commitment. In contrast, we 333 found that several SC member genes were among the shared downregulated genes, We hypothesized that MSL3 and its directly regulated downstream targets would be 343 expressed at the same stages, from GSCs until the cyst stages. To test this hypothesis, 344
we analyzed mRNA levels of the 29 targets in RNA-seq libraries enriched for either GSCs, 345
CBs, cysts, or unenriched wild type ovaries. Indeed, transcript levels overlap with MSL3 346 expression and then dropped off ( Figure 4G) Given that loss of Set2, MSL3, and NC2β decreased Rbfox1 protein levels without 361
affecting Rbfox1 mRNA levels, we hypothesized that reduced RpS19b expression 362 resulted in decreased translation of Rbfox1 mRNA. If RpS19b is required for translation 363 of Rbfox1, then RpS19b and Rbfox1 protein expression should overlap. We examined 364 lines expressing RpS19b-GFP and RpS19a-HA from their endogenous promoters. 365
RpS19b-GFP was germline enriched while RpS19a-HA was expressed in both the 366 germline and soma of gonad (Figure 5A-A1; Figure 5 -Supplement 1A-B). In the 367 germline, RpS19b-GFP was expressed at high levels in single cells and gradually 368 decreased in cyst stages, which overlapped with the protein expression of MSL3 and 369
Rbfox1 (Figure 5B ).
371
If RpS19b acts downstream of MSL3 to promote translation of Rbfox1 mRNA, then loss 372
of RpS19b should phenocopy msl3 mutants, with reduced Rbfox1 protein levels. We used 373
RNAi to specifically deplete RpS19b but not RpS19a in the germline ( next asked whether addition of RpS19b could rescue the differentiation defect upon loss 377 of msl3. We found that addition of one copy of RpS19b-GFP in msl3 mutant flies rescued 378 the early cyst defect, including Rbfox1 expression, and lead to egg chamber formation 379
( Figure 5I-M) . In addition, overexpression of RpS19b via an EP line could also rescue 380 the differentiation defect upon germline depletion of msl3, leading to egg chamber 381 formation ( Figure 5N- chambers and the females were infertile (Figure 5P-Q') . Thus, RpS19b is not involved in 390
MSL3-mediated regulation of SC members to promote recombination during meiosis. 391 392
RpS19 levels, not paralog specificity, are critical for meiotic progression 393 We generated a CRISPR null mutant of RpS19b (RpS19b CRISPR ) that are viable and 394
unexpectedly did not display any oogenesis defects (Figure 5-Supplement 1I-K), unlike 395 homozygous RpS19a mutants, which are lethal (Shigenobu et al., 2006 primarily expressed only up to the cyst stages. We found that loss of RpS19b resulted in 402 672 downregulated genes and 2,030 upregulated genes with 6-fold downregulation of 403
RpS19b but no increase in RpS19a levels (1592 TPM in bam RNAi;RpS19b CRISPR 404 compared to 1688 TPM in bam RNAi) ( Figure 5-Supplement 1L) . Intriguingly, a 405 translation initiation factor, eukaryotic translation initiation factor 4B (eIF4B), was 406 upregulated more than 8-fold in RpS19b mutants (5.7 TPM in bam RNAi;RpS19b CRISPR 407 compared to 0.67 TPM in bam RNAi) suggesting modulation of translation machinery. 408
We then asked if RpS19b mutants have proper development because they translate 409 increased levels of RpS19a protein.
Using an RpS19 antibody that detects both paralogs, 410
we found that levels of RpS19 were not downregulated in mutant compared to control 411 gonads ( Our data suggests that RpS19b expression acts to increase the levels of RpS19, which 419 then promotes expression of Rbfox1. To test this, we depleted RpS19a from the germline 420
and found that the germaria accumulate bam-positive cysts that have significantly 421 reduced levels of Rbfox1 ( that proper dosage of RpS19 is essential for translation of Rbfox1 protein, that then 428 promotes transition to a meiotic cell fate, and egg chamber formation in Drosophila. 429 430
RpS19 promotes Rbfox1 translation in the germline 431
As proper RpS19 levels are required for Rbfox1 protein expression, we hypothesized that 432
RpS19 regulates translation of Rbfox1. To test this, we performed polysome profiling 433 followed by western blot analysis using ovaries enriched for undifferentiated germ cells 434
(bam RNAi), as well as whole ovaries. While RpS19a-HA is present in polysome fractions 435 in whole ovaries, RpS19b-GFP appeared to be preferentially enriched in actively 436 translating ribosomes early in oogenesis, consistent with its expression pattern ( Figure  437 6A-B'). To test if RpS19 paralogs affect translation in cysts, we pulsed gonads with a 438 puromycin analog, O-propargyl-puromycin (OPP), that is incorporated into translated 439 peptides and can be detected using Click-chemistry (Sanchez et al., 2016) . We found 440 that cysts that accumulate upon the loss of RpS19a and RpS19b have decreased 441 translation compared to cysts of control ovaries (Figure 6C-F) .
443
To directly test whether RpS19b is required for Rbfox1 translation we then performed 444 polysome-seq on germaria depleted of RpS19b compared to control germaria enriched 445
for cysts using bam RNAi;hs-bam (Figure 6G-H) . Depletion of germline RpS19b did not 446 significantly affect the translation efficiency of germline specific mRNA, nanos, but there 447 was a reduction of Rbfox1 mRNA translation efficiency, compared to control ( Figure 6I -448 J). Additionally, depletion of RpS19b using RNAi, did not reduce the levels or translation 449 efficiency of RpS19a (Figure 6K ). Taken together, our data suggest that there is an 450 increased expression of RpS19 during early development that is required for translation 451
of Rbfox1 mRNA. 452 453
MSL3 is expressed during meiotic stages of mouse spermatogenesis 454
As Set2, MSL3, and ATAC complex are conserved in mammals, we hypothesized that 455 this transcriptional axis could also regulate meiotic entry in mammals. Set2 and ATAC 456
are general transcriptional regulators and present in most tissues, therefore we asked if 457
MSL3 is differentially expressed in the male gonad, which is easily accessible and stained for cKIT and MSL3. We found that MSL3 forms nuclear speckles in cKIT positive 473 spermatogonia and is nuclear in spermatocytes that are undergoing meiosis (Figure 7C -474 E). To interrogate where in the nucleus this MSL3 nuclear foci forms in SSCs we co-475 stained with Synaptonemal complex protein 3 (SYCP3) and DAPI. We found that while 476 chromosomes were coated with SYCP3, MSL3 foci were restricted to the non-477 recombining chromosomes ( Figure 7F-F meiosis is itself an extremely conserved process, no conserved transcriptional regulator 489 had been identified across organisms (Kimble, 2011) . Thus, the overarching questions 490 that needed to be addressed were: 1) What are the transcriptional regulators of meiosis 491
in Drosophila? And, 2) Is there a conserved gene regulatory network that controls entry 492
into meiosis? 493 494
The Set2, MSL3, and ATAC transcriptional axis licenses entry into meiosis and its 495 function may be conserved in vertebrates 496 We have identified Set2, MSL3, and ATAC complex as transcriptional regulators of 497 meiotic entry in Drosophila. We demonstrate that loss of either Set2, MSL3, or ATAC 498 complex members in the female germline leads to an accumulation of germ cells that 499 initiate differentiation but stall at the crucial transition step prior to meiotic commitment. 500
We find that the Set2-MSL3-ATAC axis regulates oogenesis downstream of the 501 differentiation factor, Bam, but upstream of the meiotic regulator Rbfox1. The Set2-MSL3-502
ATAC axis regulates meiosis in two ways: 1) it transcriptionally upregulates members of 503 the synaptonemal complex that is critical to recombination and, 2) it promotes 504 transcription of the germline enriched RpS19 paralog, RpS19b. The expression of 505
RpS19b then controls the translation of Rbfox1, which is required for exit from the mitotic 506 cell cycle and entry into meiotic cell cycle ( Figure 7G) . How is expression of critical meiotic genes licensed for expression only during meiosis? 519
We observe that, in the germline, MSL3 expression is restricted to the mitotic and early 520 meiotic stages of oogenesis. We hypothesize that when MSL3 is expressed it functions 521 by binding to Set2 mediated H3K36me3 mark and then recruits a basal transcriptional 522 machinery, ATAC, to enhance transcription of a subset of meiotic genes. Thus, our data 523
suggest that restricted expression of a reader, MSL3, licenses the expression of critical 524 meiotic genes. We do not know what controls expression of MSL3 itself during the mitotic 525
and early meiotic stages. msl3 mRNA is present as part of the maternal contribution in 526 the egg (Eichhorn et al., 2016; Hua et al., 2014) . This suggests that msl3 mRNA is 527 transcribed in the later stages of oogenesis and is likely post-transcriptionally regulated. 528
While our data demonstrates that MSL3 expression is required for meiotic progression in 529
female Drosophila, we do not think MSL3 expression is sufficient for entry into meiosis as 530 overexpression of msl3 does not lead to precocious meiotic commitment (Figure 2L-M) . 531
In addition, H3K36me3 marks are present on gene bodies of transcribed genes, MSL3 is 532 expressed in somatic cells, and ATAC complex is also a basal transcriptional machinery, 533
yet meiotic genes are not expressed in somatic cells ( expression is then maintained for the rest of meiosis (Figure 7A-F') . In addition, MSL3 in 558 mammals is a member of the MSL complex that contains a HAT analogous to the HAT in 559
ATAC complex (Hilfiker et al., 1997; Ravens et al., 2014) . Based on MSL3 expression 560 during mouse spermatogenesis, and its function in Drosophila oogenesis, we propose 561 that MSL3 could work downstream of steroid signaling from the soma to promote meiotic 562 entry from Drosophila to mammals. 563 564
Post-transcriptional control of meiotic commitment 565
We find MSL3 not only promotes transcription of components of the SC but also promotes Drosophila and mice, which we propose could be a shared mechanism to modulate entry 575
into meiosis in other organisms. 576 577
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Materials and Methods 637
Fly lines 638
Flies were grown at 25-31°C and dissected between 1-5 days post-eclosion. 639 640
The following RNAi stocks were used in this study; if more than one line is listed, then 641
both were quantitated and the first was shown in the main figure: RpS19b CRISPR (this study), UAS-hRpS19-HA (Bloomington #66014), and UAS-msl3-GFP 657 (this study). 658 659
The following tagged lines were used in this study: msl3-GFP (Kuroda Lab), RpS19a-660
3xHA (this study), RpS19b-GFP (this study), and ord-GFP (Bickel Lab). 661 662
The Proteintech, 15085-1-AP). Anti-RpS19 was pre-cleared at 1:20, the supernatant was then 676 diluted at 1:2.5 for staining. The following secondary antibodies were used: Alexa 488 677 (Molecular Probes), Cy3 and Cy5 (Jackson Labs) were used at a dilution of 1:500. 678 679
Fluorescence Imaging 680
The tissues were visualized, and images were acquired using a Zeiss LSM-710 confocal 681 microscope under 20X, 40X and 63X oil objective. 682 683
AU quantification of protein or in situ 684
To quantify antibody staining intensities for Rbfox1, H3K36me3, Bruno, GFP, HA, and 685
RpS19 or in situ probe fluorescence in germ cells, images for both control and 686 experimental germaria were taken using the same confocal settings. Z stacks were 687 obtained for all images. Similar planes in control and experimental germaria were chosen, 688
the area of germ cells positive for the proteins or in situs of interest was outlined and 689 analyzed using the 'analyze' tool in Fiji (ImageJ). The mean intensity and area of the 690 specified region was obtained. An average of all the ratios (Mean/Area), for the proteins 691
or in situs of interest, per image was calculated for both, control and experimental. 692
Germline intensities were normalized to somatic intensities or if the protein or in situ of 693
interest is germline enriched and not expressed in the soma they were normalized to 694
Vasa or background. The highest mean intensity between control and experimental(s) 695 was used to normalize to a value of 1 A.U. on the graph. A minimum of 5 germaria was 696 used for quantitation. 697 698
Egg laying assays 699
Assays were conducted in cages with females under testing and wild type control males. 700
Cages were maintained at 25°C. All flies were 1 day post-eclosion upon setting up the 701 experiment and analyses were performed on four consecutive days. The number of eggs 702 laid were normalized to the total number of females. 703 704
RNA-seq library preparation and analysis 705
Ovaries from flies were dissected in 1x PBS. RNA was isolated using After quality assessment, the sequenced reads were aligned to the Drosophila 716 melanogaster genome (UCSCdm6) using HISAT2 (version 2.1.0) with the RefSeq-717 annotated transcripts as a guide (Kim et al., 2015) . Raw counts were generated using 718 featureCounts (version 1.6.0.4) (Liao et al., 2014) . Differential gene expression was 719 assayed by edgeR (version 3.16.5), using a false discovery rate (FDR) of 0.05, and genes 720 with fourfold or higher were considered significant. The raw and unprocessed data for 721
RNA-seq generated during this study are available at Gene Expression Omnibus (GEO) 722
databank under accession number: XXXXX. 723 724
In situ hybridization 725
Adult ovaries (5 ovary pairs per sample per experiment) were dissected and fixed as 726 previously described. The ovaries were washed with PT (1x phosphate-buffered saline 727
(PBS), 0.1% Triton-X 100) 3 times for 5 minutes each. Ovaries were permeabilized by 728
washing once with increasing concentrations of methanol for 5 minutes each (30% 729 methanol in PT, 50% methanol in PT, and 70% methanol in PT) then incubating in 730 methanol for 10 minutes. Ovaries were then post-fixed by washing once with decreasing 731 concentrations of methanol for 5 minutes each (70% methanol in PT, 50% methanol in 732
PT, and 30% methanol in PT). Ovaries were then washed with PT 3 times for 5 minutes 733
and then pre-hybridized in wash buffer for 10 minutes (10% deionized formamide and 734 10% 20x SSC in RNase-free water). Ovaries were incubated overnight in hybridization 735 solution (10% dextran sulfate, 1 mg/ml yeast tRNA, 2 mM RNaseOUT, 0.02 mg/ml BSA, 736 5x SSC, 10% deionized formamide, and RNase-free water) at 30°C. The hybridization 737 solution was removed, and ovaries washed with Wash Buffer 2 times for 30 minutes at 738 30°C. Wash Buffer was removed, and ovaries were mounted using Vectashield with 4',6'-739 diamidino-2-phenylindole (DAPI). 740 741
In situ probe design and generation 742
Templates were amplified with gene specific primers (listed below) and then followed 743 manufacturer's instructions of Thermo Fisher's FISH tag RNA kit (F32954) for generating 744 fluorescently labeled probes. 745
Rbfox1
RpS19a 754 F-5'-ATGCCAGGCGTCACAGTGAA-3' 755 R-5'-TAATACGACTCACTATAGGGTTACTTGGAAATAACAATGGGCCC-3' 756 757
Measurement of global protein synthesis 758
Protein synthesis was detected using short-term ovary incorporation assay, Click-iT Plus 759 OPP (Invitrogen, C10456). Ovaries were dissected in Schneider's Drosophila media 760
(Thermo Fisher, 21720024) and then incubated in 50 μM OPP reagent for 30 minutes. 761
Tissue was washed in 1x PBS and then fixed for 15 min in 1x PBS plus 5% methanol-762 free formaldehyde. Tissue was then permeabilized with 1% Triton X-100 in 1x PBST (1x 763 PBS with 0.2% Tween 20) for 30 minutes, samples were then washed in 1x PBS and 764
were incubated in Click-iT reaction cocktail following the manufacturer's instructions. 765
Samples were washed with Click-iT reaction rise buffer and then immunostained following 766 previously described procedures. 767 768
Generating fly lines 769
CRISPR mutant 770
To generate the RpS19b mutants, guide RNAs were designed 771
using http://tools.flycrispr.molbio.wisc.edu/targetFinder and synthesized as 5-772 unphosphorylated oligonucleotides, annealed, phosphorylated, and ligated into the BbsI 773 sites of the pU6-BbsI-chiRNA vector using the primers listed below (Gratz et al., 2013) . 774
Homology arms were synthesized as a gene block (IDTDNA) and cloned into pHD-775 dsRed-attP ( (Gratz et al., 2015) ; Addgene) using Gibson Assembly (gene blocks listed in 776
Supplementary Methods). Guide RNAs and the donor vector were co-injected into nos-777
Cas9 embryos (Rainbow Transgenics). 778 779
RpS19b gRNA1 780 F-5'-CTTCGCATGCCTGGAGTCACAGTAA-3' 781 R-5'-AAACTTACTGTGACTCCAGGCATGC-3' 782 783
RpS19b gRNA2 784 F-5'-CTTCGTAGTGATAATCATGGAAAC-3' 785 R-5'-AAACGTTTCCATGATTATCACTAC-3' 786 787
RpS19a-3xHA and RpS19b-GFP tagged lines 788
RpS19a3x-HA (referred to as RpS19a-HA throughout text) and RpS19b-GFP tagged 789 lines were made using a combination of in vivo bacterial recombineering and 790 GatewayTM Technology as previously described (Shalaby et al., 2017) . 791 792
UAS-msl3-GFP overexpression line 793
RNA was extracted from w 1118 ovaries and made into cDNA using a SuperScript II-Strand 794
Kit (Thermo Fisher, 18064014). msl3 CDS was amplified, attB sites and tagged sequence 795 was amplified into the PCR product using the primers listed below. PCR products were 796 cloned into pDONR (Thermo Fisher, 11789-020) and swapped into pENTR (Thermo 797
Fisher, 11791-020) using BP and LR reactions, respectively. The plasmid was sent for 798 injection into w 1118 flies (Genetic Services).
TGGCACATCGTATGGGTAAGCAGCAATCCCATCCAGGG -3' 809 810
Polysome profiling and polysome-seq 811
Polysome profiling of ovaries from bam RNAi;hs-bam and UAS-Dcr2;nosGAL4 >RpS19b 812
RNAi were homogenized in Lysis Buffer, 20% of lysate was used as input for mRNA isolation 815
and library preparation (as described above). Samples were loaded onto 10-50% CHX-816
supplemented sucrose gradients in 9/16 x 3.5 PA tubes (Beckman Coulter, #331372) and 817 spun at 35,000 x g in SW41 for 2.45-3 hours at 4°C. Gradients were fractionated with a 818
Density Gradient Fractionation System (#621140007). RNA was extracted using acid 819 phenol-chloroform and precipitated overnight. Pelleted RNA was resuspended in 20 μL 820
water and libraries were prepared as described above.
822
Western blot 823 50-200 CB enriched RpS19a-HA and RpS19b-GFP ovaries and 30 adult RpS19b-824 GFP;RpS19a-HA ovaries were dissected and prepared as described above except 825 sucrose solutions were supplemented with either 100 μg/μL CHX or 2 mM puromycin with 826 1 mg heparin prior to making gradients. Following fractionation, protein was extracted by 827 ethanol precipitation and run on a TGX pre-cast gradient gel (BioRad, #456-1094). Blots 828
were blocked with 5% milk in 1x PBST and incubated in primary antibody in 5% BSA in 829 1x PBST. Following 1x PBST washing, blots were incubated in secondary antibody in 5% 830 milk in 1x PBST. Blots were washed with 1x PBST and then imaged with chemi-831 luminescence kit (BioRad, #170-5060). The following primary antibodies were used: 832
Rabbit anti-GFP (1:4,000; abcam, ab6556), Rat anti-HA (1:3,000; Roche, 11 867 423 833 001), Rabbit anti-RpS25 (1:1,000; abcam, ab40820), and Rabbit anti-RpS19 (1:1,000; 834
Proteintech, 15085-1-AP). The following secondary antibodies were used: anti-Rat HRP 835
(1:10,000; Jackson Labs, 112-035-003) and anti-Rabbit HRP (1:10,000; Jackson Labs, 836 111-035-144). 837 838
Statistical Analysis 839
Relative fluorescence signals were compared between control and experimental groups 840 using parametric tests (Student t-test or one-way ANOVA). Horizontal lines on scatter dot 841 plots represent mean with 95% confidence interval and stars on stacked bar graphs 842 represent statistical significance of corresponding color data set. Reported p-values 843 correspond to two-tailed tests. Analysis of percentage defect were compared between 844 control and experimental groups using Fisher's exact test. All analyses were performed 845
using Prism 8 software (GraphPad) and reported in figure legends. 846 847
Materials and reagents for fly husbandry 848
Fly food was made by using previously described procedures (Upadhyay et al., 2018) .
850
Mice 851
Ethics statement 852
Collection and use of mouse specimens for this study were approved by the Institutional 853
Animal Care and Use Committee (IACUC) at The University at Albany. 854 855
The mice used in this study were adult males on a CD-1 background. All data were 856 collected from mice kept under similar housing conditions, in transparent cages on a 857 normal 12 hr. light/dark cycle. 858 859
Dissection and tissue preparation of mouse testes 860
Tissue was collected from adult male mice on a CD-1 background (Forni, 2006) . The mice 861
were perfused first with 1x PBS then with 3.7% formaldehyde in 1x PBS. Testes were 862 isolated at the time of perfusion and immersion-fixed for 2-3 hours at 4°C. The samples 863
were then cryoprotected in 30% sucrose in 1x PBS overnight at 4°C then embedded in 864
Tissue-Tek O.C.T. Compound (Sakura Finetek, 4583) using dry ice, and stored at -80°C. 865 866
Tissue was cryosectioned (Leica Cryostat, CM3050S) at 20 µm and collected on 867 microscope slides (VWR, 48311-703) for immunostainings. All slides were stored at -868 80°C until ready for staining. 869 870
Immunostaining of mouse testes 871
Citrate buffer (pH 6.0) antigen retrieval was performed before immunostaining. Tissue 872 was incubated in blocking solution (10% horse serum, 1% BSA, 0.5% Triton X-100, and 873 0.1% Sodium Azide) for 40 minutes up until 1 hour at room temperature. The following 874 primary antibodies were used: Rabbit anti-MSL3 (1:500; Invitrogen, PA5-56967), Goat 875 anti-cKIT (1:250; R&D Systems, AF1356), Rabbit anti-Stra8 (1:250; abcam, ab49602), 876
and Mouse anti-SYCP3 (1:500; abcam, ab97672). 877 878
The following secondary antibodies were used: Alexa Fluor 488, Alexa Fluor 594, Alexa 879
Fluor 680 were at a dilution of 1:1000 (Molecular Probes and Jackson ImmunoResearch 880
Laboratories). Sections were counterstained with DAPI (1:3000; Sigma-Aldrich, 28718-881 90-3) and coverslips were mounted with FluoroGel (Electron Microscopy Services, 882 17985-10). Confocal microscopy pictures were taken on a Zeiss LSM 710 microscope 883 using a 40x oil objective. 884 885
All unique/stable reagents generated in this study are available from the Lead Contact 886 without restriction. 887 888 889
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